J Eur piiscjus P; 
Eur peanVrer 
CUR* 



Patentamt 

® 0))) Eur Pean»nt Office ® Publication nuH 0110 388 

Offic uropeen d s br vets B 1 



® EUROPEAN PATENT SPECIFICATION 



@ Date of publication of patent specification: 07.10.87 ® Int. CI. 4 : H 04 Q 3/52, H 04 Q 11/04, 

_ G 02 F 1/29, H01 S3/10 

(H) Application number: 83111979.7 

® Date of filing: 29.11.83 



(54) Optical time-division switching system employing optical bistable devices. 



00 
CO 



(D Priority: 29.1 1.82 JP 208873/82 


® 


Proprietor: NEC CORPORATION 


10.12.82 JP 216708/82 


33-1, Shiba 5-chome, Minato-ku 






Tokyo 108 (JP) 


(43) Date of publication of application: 


® 




13.06.84 Bulletin 84/24 


Inventor: Nagashima, Kunio 




c/o NEC Corporation 33-1, Shiba 5-Chome 


(§) Publication of the grant of the patent: 




Minato-ku Tokyo (JP) 




Inventor: Kondo, Michikazu 


07.10.87 Bulletin 87/41 




c/o NEC Corporation 33-1, Shiba 5-chome 






Minato-ku Tokyo (JP) 


® Designated Contracting States: 






DEFRGBNL 


0 


Representative: Vossius & Partner 






Siebertstrasse 4 P.O. Box 86 07 67 






D-8000 Munchen86 (DE) 


(§) References cited: 




US-A-3849 604 






OPTICAL ENGINEERING, vol. 19, no. 4 r 






July/August 1980, pages 456*462, Washington, 






US P.W. SMITH: "Hybrid bistable optical 






devices" 






ELECTRONICS LETTERS, vol. 17, no. 20, 






October 1, 1981, pages 741-742, London, GB H. 






KAWAGUCHI: "Bistable operation of 






semiconductor lasers by optical injection" 







Q. 
UJ 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may 
give n tice t the Eur pean Patent Office of pposition to the European patent granted. N tice f pposition shall 
be filed in a written reasoned statement. It shall not be deemed to have been filed until the opp sition fe has been 
paid. (Art. 99(1 ) European patent conventi n). 



Courier Press, Leamington Spa. England. 



1 0 

Description 

Background of the invention 

The present invention relates to an optical time- 
division switching system. 

Since the introduction of optical fibers various 
attempts have been made to develop optical 
telecommunications systems having a high speed 
and large traffic handling capacity. In particular, 
optical time division digital transmission systems 
are the most attractive systems for future applica- 
tions. However, the current switching system 
handles electrical signals; conversion of electrical 
to optical energy or vice versa is necessary at 
every junction between optical transmission 
systems and electrical switching systems. 
Another disadvantage resides in the fact that 
while optical transmission systems are capable of 
transmitting signals at speeds higher than 100 
megabits per second, electrical time-division 
switching systems are not capable of switching at 
comparable speeds. 

To overcome these disadvantages efforts have 
been made to develop optical switching systems. 
An optical switching system, shown and 
described in JP— A— 53-117311, employs optical 
waveguides of different lengths as delay lines to 
which optical signals of different time slots are 
selectively applied through an optical switch to 
effect the switching of the signals from one time 
slot to another. Since the maximum delay time is 
exclusively determined by the length of the wave- 
guides, the prior art system has not sufficient 
flexibility to accommodate a varying number of 
customer stations and facilities from one switch- 
ing office to another. Furthermore, waveguides of 
substantial length would be required to handle 
signals of a long frame length, resulting in a large 
equipment size. Another disadvantage of this 
system is that a switching loss tends to occur at 
the connection between the optical switch and the 
delay lines. 

An equivalent system using an array of optical 
delay lines is known from US — A — 3,849,604. In 
this system, an electrical time multiplexed PCM 
signal comprising sequential multiplexed words 
is converted into an optical analog. Each pulse of 
the optical analog is divided into a plurality of 
optical sub-pulses propagating to the input of the 
array comprising different optical delay lines. At 
the input end of each optical delay line, an optical 
gate is disposed. Ail gates are under the control of 
a central processing unit, which opens selected 
ones of the gates at predetermined times. The 
output ends of the optical delay lines are coupled 
to combining means which reconverts and com- 
bines all optical signals to one electrical signal. 
This electrical signal represents an electrical time 
multiplexed signal in which the words are per- 
muted in accordance with a predetermined 
sequence generated by the timing of the control 
pulses from the central processing unit. 

Optical circuits for use as bistable devices in 
optical memories are known from the Article 
"Hybrid Bistable Optical Devices" by P. W. Smith, 



10 388 2 

Optical Engineering, Vol. 19, No. 4, 1980, pages 
456 — 462. Under certain conditions, these devices 
exhibit optical hysteresis and have two stable 
output levels. 

5 

Summary of the invention 

The present invention has for its object the 
provision of a time-division optical switching 
system which gives flexibility to the design of 

io frame length and allows compact equipment and 
ensures a high level of optical output. 

The present invention accomplishes this object 
by the use of optical bistable devices for storing 
signals of different time slots to allow them to be 

15 retrieved at times determined by dialed infor- 
mation. 

The switching system of the invention includes 
means for time-division multiplexing signals from 
a plurality of stations and applying the 

20 multiplexed signals to a common incoming 
optical medium, or waveguide and means for 
demultiplexing time-division multiplexed signals 
from a common outgoing optical medium and 
applying the demultiplexed signals to the 

25 stations. The system is characterized by the inclu- 
sion of first means for selectively switching the 
multiplexed signals from the common incoming 
optical medium to the optical bistable devices to 
individually store the signals therein, and second 

30 means for selectively switching the stored signal 
from the bistable devices to the outgoing optical 
medium. 

The frame length can thus be determined by the 
number of such bistable devices and the period of 

35 each time slot in which writing and reading 
operation is effected. 

Optical devices having a hysteresis characteris- 
tic can be employed for storing optical binary 
signals. A bistable laser diode is available for such 

40 purposes. An injection current is applied from an 
external source to the laser diode to keep it 
excited to hold an optical binary signal. An optical 
circuit having a feedback loop is also available for 
storing an optical binary signal. This type of 

45 circuit needs an external light source to keep it in 
a predetermined binary state. 

Brief description of the drawings 

The present invention will be described in 
so further detail with reference to the accompanying 
drawings, in which: 

Fig. 1 is a schematic block diagram of an optical 
time-division switching system embodying the 
present invention; 
55 Fig. 2 is a diagrammatic view illustrating a first 
embodiment of the switching unit of Fig. 1 
employing laser diodes as bistable devices; 

Fig. 3a is a schematic illustration of the laser 
diode of Fig. 2, and Figs. 3b to 3d show operating 
60 characteristics of the laser diode; 

Figs. 4 and 5 are circuit diagrams of drivers 
employed in the embodiments of the present 
invent! n; 

Rgs. 6 and 7 are timing diagrams useful for 
65 describing the operation of the Fig. 2 embodiment; 



2 



3 0 

Fig. 8 is a diagrammatic view illustrating a 
second embodiment of the switching unit of Fig. 1 
employing optical directional coupler circuit 
having a feedback loop as the bistable devices; 

Fig. 9 is an illustration of a detail of the optical 
bistable device using a directional coupler of Fig. 

Fig. 10 is an illustration of the operating charac- 
teristic of the circuit of Fig. 9; 

Fig. 1 1 is an illustration of a first modification of 
the second embodiment; 

Fig. 12 is a timing diagram associated with the 
embodiment of Fig. 11; and 

Fig. 13 is an illustration of a second modification 
of the second embodiment. 

Detailed description 

Referring now to the drawings in which corre- 
sponding parts are indicated by the same ref- 
erence numerals throughout. In the embodiment 
of Fig, 1, an optical time-division switching system 
is schematically illustrated as comprising a 
multiplexer 10 and a demultiplexer 11 which are 
synchronized with a clock supplied from a clock 
generator 12. 

For purposes of illustration, four channels 21 , 22, 
23 and 24 are shown as incoming channels and 
four channels 31 , 32, 33, 34 are shown as outgoing 
channels. The incoming channels 21—24 and 
outgoing channels 31—34 are carried via coaxial 
cable pairs 41—44 between stations A, B, C and D 
and line circuits 51—54, respectively. The line 
circuits 51—54 are of the well known type which 
serves as an interface between the coaxial cable 
pairs 41—44 and the multiplexer 10 and the 
demultiplexer 1 1 as well as a unit for generating a 
signal indicating the presence of a request for 
service from the customers. 

Each station is shown as a video telephone set 
including a video camera CAM and a display unit 
DSP respectively connected to the incoming and 
outgoing channels of the associated line circuit. 
The multiplexer 10 is of the type known in the time- 
division switching art which sequentially couples 
individual customer stations to a common out- 
going channel 13, so that the signals from stations 
A to D are arranged in a recyclic sequence of #1 to 
#4 incoming time slots. 

Connected to the outgoing channel 13 is an 
electro-optical converter 14 which converts the 
time-division multiplexed electrical signal to a 
corresponding optical signal for delivery via a 
common optical waveguide 1 5 to an input terminal 
of a switching network 16 constructed according to 
the present invention; The switching network 16 
has an output terminal which is coupled via a 
common optical waveguide 17 to an optoelectrical 
converter 18 which converts the optical signal into 
a corresponding electrical signal for application to 
an incoming channel 19 of the time-division 
demultiplexer 11. The d multiplexer 11 sequen- 
tially distributes the signals of the outgoing time 
slots #1 to #4 of the switching network 16 1 the 
lin circuits 51—54. 

As will be described, the switching network 16 
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includes an array ofoptical bistable devices which 
are provided in one-to-one correspondence with 
the customer stations. In the optical bistable 
devices are sequentially stored the multiplexed 

5 signals in response to write instructions from a 
processor 20. The stor d signals are read in 
response to readout instructions from the pro- 
cessor. The processor 20 is of a type known in the 
time-division switching art and may include a 

10 scanner for scanning the line circuits 51 — 54 to 
detect the presence of a request for service and 
interprets dialed information to determine the 
time slots of the calling and called stations. From 
the time slot numbers of the calling and called 

15 stations the processor 20 derives a first read 
instruction for enabling the switching network 16 
to read the stored calling station signal in the 
time slot of the called station and a second 
read instruction for enabling it to read the stored 

20 called station signal in the time slot of the calling 
station. 

Details of the switching network 16 are illus- 
trated in Fig. 2. The time-division multiplexed 
optical signal supplied from the multiplexer 10 

25 comprises an optical stream 25 of digital signals a, 
b, c, (/corresponding respectively to the stations A 
to D arranged in incoming time slots #1 to #4. For 
the purpose of illustration, it is assumed that each 
digital signal comprises a binary 1 or 0. Th 

30 switching network 16 comprises a write-in optical 
switch 60 which sequentially writes the optical 
digital signals a, b, c, d into optical bistable devices 
81 — 84 respectively in response to write-in voltage 
pulses from drivers Dr1. The switching network 16 

35 further includes a read-out optical switch 100 
which is identical in structure to the write-in optical 
switch 60 is responsive to readout voltage pulses 
supplied from drivers DR3 to selectively read the 
stored digital signals a, b, c, d out of the optical 

40 bistable devices 81—84 in accordance with dialed 
information. 

The write-in optical switch 60 comprises a 
lithium niobate substrate 66 on which is diffused a 
pattern of titanium to form four optical wave- 

45 guides 61, 62, 63, 64 which are coupled via optical 
waveguides 71, 72, 73, 74 to optical bistable 
devices 81, 82, 83, 84, respectively. 

The waveguide 63 is coupled at the input end to 
the common optical waveguide 15 and is in close 

so proximity to the waveguide 62 at a point 67 where 
directional coupling, or switching occurs. The 
waveguide 62 is in close proximity to the wave- 
guide 61 at a point 66 where switching occurs. The 
waveguide 63 is further in close proximity to the 

55 waveguide 64 at a point 68 where switching 
occurs. The switching points 66—68 are provided 
with first and second electrodes in pairs, the first 
electrodes being coupled to drivers DR1 -2 to DR1-4 
respectively, and the second electrodes being 

so grounded. 

By sequential application of a write-in voltage 
pulse to the electrodes of the switching points 66, 
67, 68, th waveguide 15 is coupled sequentially to 
the bistable devices 81—84 via waveguides 

os 71—74. The signal n the waveguide 15 is further 
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controlled by an additional switching point 69 
which is formed by a portion of the waveguide 63 
provided with an electrode which is coupled to 
the driver DR1-1 and an adjacent waveguide 65 on 
which a grounded electrode is provided. 

Each of the optical bistable devices 81—84 
comprises a bistable laser as shown in Fig. 3a. 
This laser comprises a current-injection type 
semiconductor formed of GALaAs/GaAs or 
InGaAsP/lnP in a double hetero-junction structure 
having an electrode 86 coupled to earth and a 
current injection terminal 87. The electrode has 
such a nonuniform pattern that it creates a region 
in which no current is injected. Such a region acts 
as a saturable absorber in the laser so that with 
the optical input being zero the output of the laser 
exhibits marked hysteresis characteristic as 
shown in Fig. 3b. 

In Fig. 3b, the optical output of the bistable laser 
is plotted as a function of the injected current As 
shown the laser output increases sharply to a 
saturation point C when the injection current has 
increased from i 0 to i a and sharply drops when the 
current has decreased to i 0 and thus finds stability 
at points A and B corresponding to levels P0 and 
P1, respectively.. Fig. 3c is a plot of the device's 
output as a function of the optical input with the 
injection current being maintained at i b . When the 
optical input is zero the output stabilizes at point 
A and as it increases to Pa, the output sharply 
increases until a saturation point E is reached. As 
the input has decreased to zero the output shifts 
to the stability point B. Therefore, the laser 
stabilizes at point A or B when the optical input is 
zero. 

From Figs. 3b and 3c a truth table shown in Fig. 
3d can be derived. The truth table shows that 
when the injection current is i b and the optical 
input is zero, the bistable laser 81 retains the 
previous state and when the device is stabilized at 
point B, Fig. 3b, a brief reduction of the injection 
current from i b to i 0 causes the output to shift from 
point B through point D to the point A where it 
stabilizes, thereby resetting the laser. If the laser 
is stabilized at point A, Fig. 3c, a brief increase in 
the optical input from zero to a level Pt which is 
higher than Pa will cause the output to follow the 
path from point A through point E to the stability 
point B which indicates that the bistable laser is 
triggered into a set condition. Assume further that 
the injection current is i 0 and the optical input is 
Pt, the laser output will assume a value P2 which 
depends on the operating characteristic of the 
device. However, this laser output level is not 
utilized in the present invention. A further discus- 
sion on the bistable optical laser is found in an 
Article "Bistable Operation of Semiconductor 
Lasers By Optical Injection" by H. Kawaguchi, 
Electronics Letters, October 1, 1981, Vol. 17, No. 
20, pages 741—742. 

Therefore, by switching the injection current to 
zer in response to given command signal from 
the processor 20, the stored binary data can be 
erased and by controlling the optical switch 60 in 
response to a second command signal from the 



processor 20 an optical binary data is written from 
a selected one of the waveguides 71—74 into the 
associated optical bistable device. 
Figs. 4 and 5 are illustrations of examples of the 

5 drivers DR1 , DR2 and DR3. In Fig. 4, the driver DR2 
comprises a p-n-p transistor TR1 having its base 
coupled to be responsive to a command signal 
from the processor 20 and its emitter coupled to a 
positive voltage source +V and its collector 

10 coupled in series with a resistor R1 to an asso- 
ciated one of the optical bistable devices 81 — 84. 
The emitter-collector path of the transistor TR1 is 
in shunt with a second resistor R2. The transistor 
TR1 is normally remains conductive to generate a 

15 higher injection current i which is given by V/ 
(Ri+^+rg), where t A and r 2 are the internal 
resistances of the optical bistable device and the 
transistor TR1, respectively, and where r 2 is much 
smaller than R 2 . In response to a positive-going 

20 pulse from the processor 20, the transistor TR1 is 
turned off so that the injection current i is reduced 
to a lower value given by V/^+Ra+r,). 

In Fig. 5, the driver used to drive the optical 
switches 60 and 100 comprises a pair of tran- 

25 sistors TR2 and TR3 having their emitters coupled 
together to a constant current source CC which in 
turn connected to the negative voltage supply -V 
and their collectors coupled to a positive voltag 
supply +V with a resistor R3 being connected in 

30 the collector circuit of transistor TR3. The base of 
transistor TR2 is connected to the processor 20 
and that of transistor TR3 is connected to ground. 
A circuit node CN between the collector of tran- 
sistor TR3 and resistor R3 is coupled to an 

35 associated one of the directional couplers of th 
optical switch 60 or 100. The voltage developed at 
the node CN varies between zero voltage level 
and a positive voltage V 1 in response to a com- 
mand signal applied to the base of transistor TR2. 

40 The operation of the switching network 16 of 
Fig. 2 will now be described with reference to a 
timing diagram shown in Fig. 6. It is assumed that 
the train of digital signals 25 is a series of NRZ 
(non-return-to-zero) binary 1's and 0's of the 

45 stations A, B, C, D which are designated as a, b, c, 
d and assigned to incoming time slots #1 to #4 
for purposes of illustration. An optical input 
having the level of Pt represents a binary 1 and an 
optical input having a zero level represents a 

so binary 0, as indicated by the train of optical pulses 
25 in Fig. 6. A binary 1 is written into any one of 
optical bistable devices 81—84 when the latter is 
injected from the associated one of the write-in 
waveguides 71 — 74 with a light input having the 

55 level Pt upon coincidence with a current drop in 
the injection current i from the level i b to the level 
i 0 that occurs in the first half period of each time 
slot. A binary 0 is written into the optical bistable 
devices in response to there being a simultaneous 

60 presence of a zero light input and the occurrence 
of the injection current drop from i b to i 0 . The 
injection-current control transistor TR1 of each 
current driver DR2 normally remains conductive 
to supply an injection current i b (Fig. 3b) to each of 

65 the optical bistable lasers 81 — 84. Thus, the tran- 
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sistor TR1 associated with the optical bistable 
device into which an information bit is to be stored 
is turned off by a write-in pulse supplied from the 
processor 20. 

The voltage driver DR1 -1 is normally activated to 
supply a voltage V 1 to the directional coupler 69 to 
optically isolate the write-in waveguides 71—74 
from the incoming waveguide 15. Likewise, the 
voltage driver DR3-4 is normally activated by the 
processor 20 to apply voltage V n to the directional 
coupler 108 of the optical switch 100 to isolate the 
read-out waveguides 91—94 from the outgoing 
waveguide 17. 

For purposes of illustration it is assumed that a 
connection is to be established between stations A 
and D and between stations B and C. This is 
achieved by interchanging the binary information 
of stations A and D between the #1 and #4 time 
slots. Likewise, the binary information of stations 
B and C are interchanged between the #2 and #3 
time slots. The description is only concerned with 
transposing the station A information from the #1 
time slot to the #4 time slot for the purpose of 
simplicity. 

When the processor 20 detects the presence of a 
service request from the station A, the processor 
then operates on dialed information subsequently 
received from it and interprets that the station D is 
being called and issues an injection current control 
pulse having a duration one half the period of the 
time slot to the current driver DR2-1 at the 
beginning of the #1 time slot. The driver DR2-1 
responds to it by reducing the injection current 
from the level i b to the level i„ during the first half 
period of the #1 time slot as illustrated in Fig. 6. 
Upon the lowering of the injection current to i 0 the 
bistable device 81 is reset to an optical output level 
P 0 according to the truth table, Fig. 3d. 

Immediately following the trailing edge of the 
control pulse supplied to the driver DR2-1, a write 
instruction is given in the form of a negative-going 
pulse having a duration one-half the period of time 
slot to the voltage driver DR1-1 to turn it off and a 
positive-going pulse of the same duration to 
drivers DR1-2 and DR1-4 to turn them on. Driver 
DR1-1 removes the switching potential from the 
directional coupler 69 to allow the optical input Pt 
of station Aon waveguide 15 to pass therethrough 
to the directional coupler 67. Drivers DR1-2 and 
DR1-4 apply a switching potential Vi to the direc- 
tional couplers 67 and 66 as shown in Fig. 6, 
whereby the incoming signal is switched by 
directional couplers 67 and 66 to waveguide 71, 
thence to the bistable device 81. The injection of 
the optical input Pt to the device 81 thus coincides 
with the injection of current i b thereto from the 
driver DR2-1. From the truth table, it is seen that 
device 81 is triggered into a set condition, increas- 
ing its laser output from the level P 0 to P^ and 
holding the level P1 until the injection current 
drops to i 0 in the #1 time slot of the next frame, as 
shown in Fig. 6. Therefore, a binary 1 is stored in 
the device 81 forthe entire duration of the #1 to #4 
time slots to the read out by the readout optical 
switch 100. 



In like manner digital signals of stations B, C and 
D are subsequently written into the* bistable 
devices 82, 83 and 84, respectively. 
A reading operation is then effected on the 

5 bistable device 81 in response to a read instruction 
given by the processor 20 during the #4 time slot 
to the voltage drivers DR3-1, DR3-3 and DR3-4 in 
the form of a pulse having the duration of time slot 
so that driver DR3-4 removes the switching poten- 

w tial from the directional coupler 108 establishing 
an optical path to the outgoing waveguide 17 and 
drivers DR3-1 and DR3-3 provide a switching 
potential to the directional couplers 106, 107, 
establishing an optical path from the output of 

15 bistable device 81 through waveguide 91, direc- 
tional couplers 106, 107, 108 to the outgoing 
optical waveguide 17. Therefore, the binary 1's 
and 0's of the station A now appear in the #4 time 
slot of the called station D. 

20 In like manner, the station D signal is switched to 
the #1 time slot to which the calling station A is 
assigned by having the processor 20 programmed 
to generate a read instruction whereby the infor- 
mation stored in the bistable device 84 is read in 

25 the #1 time slot. Likewise, the station B signal is 
switched to the #3 time slot by reading the 
bistable device 82 in the #3 time slot to which the 
station C is assigned, and the station C signal is 
switched to the #2 time slot to which the station B 

30 is assigned by reading the bistable device 83 in the 
#2 time slot. As a result, the binary signals to 
stations A, B, C, D are arranged in the order of D, C, 
B, A in the outgoing time slots as shown in Fig. 6 
and applied to the optoelectrical converter 18, Fig. 

35 1, and thence to the demultiplexer 11 which 
sequentially distributes the digital samples d, c, b, 
a to the line circuits 51, 52, 53, 54, respectively, 
thereby establishing a connection between 
stations A and D and a connection between 

40 stations B and C. 

In the timing diagram of Fig. 6, the injection 
current i 0 occurs at times exclusively with times in 
which the optical input Pt occurs so that the set 
condition of the truth table. Fig. 3d, is met. The 

45 switching network 16 of the invention may be 
operated in a manner that allows i 0 and Ptto occur 
simultaneously so that the optical bistable devices 
momentarily assume the indefinite value P 2 . How- 
ever, this condition is immediately followed by a 

so situation in which Pt and l b occur simultaneously 
so that the definite value P, can be taken. 

This method of operation is illustrated in Fig. 7 
which differs from Fig. 6 in that the write pulse 
from the drivers DR1 has the duration of the time 

55 slot so that the optical input Pt to the bistable 
devices has the duration of the time slot and that 
the injection current i 0 is only required to occur 
within the period of the optical input Pt. The 
injection current drop from i 5 to i 0 thus causes the 

60 bistable device to assume an optical output value 
P 2 which is shown shaded in Fig. 7. However, the 
current rise to i b occurs in the presence of the 
optical input Pt to meet the set condition of the 
bistable device, allowing it to generate an optical 

65 output P,. The reset condition of the truth table is 
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met when the injection current drop occurs in the 
absence of optica! input. 

Fig. 8 is an illustration of a second embodiment 
of the switching network 16. This embodiment 
differs from the embodiment of Fig. 2 in that the 
injection-current controlled bistable lasers 81—84 
are replaced with optica! directional couplers 
181—184 having closed loops. As will be 
described the directional couplers 181 — 184 
exhibit bistability exclusively depending on the 
amount of light incident thereon. For this pur- 
pose, an optical bias source 120 is provided to 
supply bias light to optical switches 121 — 124 of a 
known switched directional coupler type which 
are controlled by drivers in response to instruc- 
tions from the processor 20 and thence to optical 
couplers 131 — 134. The optica! couplers 131—134 
combine the bias light with the optical digital 
signals on waveguides 71 — 74 and the combined 
optica! outputs are applied to the inputs of the 
bistable devices 181 — 184, respectively. 

Fig. 9 is an illustration of the detail of each of 
the optical bistable devices 181—184. These 
optical bistable devices each comprise a LiNb0 3 
substrate 185 on which is formed a pair of 
titanium-diffused optical waveguides 186 and 187 
which are spaced far apart except at the location 
where switching occurs, at which point the wave- 
guides are in close proximity. A pair of electrodes 
188 and 189 are provided on those portions of the 
waveguides which are in close proximity to each 
other. The waveguide 186 has its input proximity 
to each other. The waveguide 186 has its input 
end optically coupled with an associated one of 
the waveguides 71—74 and has its output end 
optically coupled with a half-silvered mirror, or 
beam splitter 190 which reflects a portion of the 
incident light to an optoelectrical converter 191 
which in turn is coupled through an amplifier 192 
to the electrode 188. The electrode 189 is 
grounded. 

A feedback loop is thus formed which main- 
tains the electrode 188 at a high potential as long 
as the optical input exceeds a higher threshold 
value Pa (Fig. 10) and switches the potential to a 
lower level when the optica! input drops below a 
lower threshold level Pc. The beam splitter 190 
passes the remainder of the incident light as an 
optical output of the bistable optical device to an 
associated one of the waveguides 91 — 94. The 
hysteresis characteristic shown in Fig. 10 is 
utilized to advantage by the otpical bias which 
holds the optical input level of the bistable 
devices 181—184 at a point Pt above the higher 
threshold Pa to store a binary 1 in response to an 
optical information bit having a level (Pt— Pb). 

The operation of the Fig. 8 embodiment is as 
follows. The optical switches 121—124 are selec- 
tively briefly switched off to block the bias light so 
that a selected one of the bistable devices 
181—184 is cleared. Immediately following the 
clearing, an optical information bit having the 
level (Pt— Pb) is applied to the selected bistable 
device in the presence of the bias light Pb. The 
input optical level is raised to a level Pt which 



sufficient to generate an optical output P t which is 
held by the bias light which exists after the optical 
binary 1 ceases to exist, thus storing a binary 1 in 
the selected bistable device. When the optical 
5 input is a binary 0, the total amount of the optical 
input to the selected bistable device is Pb which is 
insufficient to generate an optical output P, and 
thus it remains at an output level P 0 signifying a 
binary 0. 

10 A modification of the embodiment of Fig. 8 is 
illustrated in Fig. 11. The modified embodiment 
differs from the Fig. 8 embodiment in that the 
optical switches 60, 121 — 124 are replaced with an 
array of write-in optical switches 221 — 224 of a 

is known directional coupler type having two input 
ports and two output ports and the optical switch 
100 is replaced with an array of readout optical 
switches 321 — 324 which are identical to switches 
221—224. 

20 Optical switches 221—224 have their first input 
ports coupled from the bias light source 120 and 
their second inputs coupled from the first output 
ports of other optical switches with the exception 
that switch 224 takes the information input from 

25 the waveguide 15 and the first output port of the 
switch 221 is left unconnected. The second output 
ports of the switches 221 — 224 are connected 
respectively to the bistable devices 181 — 184. 
Optical switches 321—324 have their first input 

30 ports coupled respectively from the outputs of the 
bistable devices 181 — 184 and their second inputs 
ports coupled from the first output port of the 
other switches and their second output ports are 
left unconnected. 

35 In operation, write-in optical switches 221 — 224 
are controlled by the processor 20 such that in the 
absence of a control potential V1 they cross- 
couple their first and second input ports to their 
second and first output ports, respectively, and in 

40 the presence of the control potential V 1 the first 
and second input ports are coupled to the first 
and second output ports, respectively. Thus, the 
optical information on waveguide 15 can be 
switched to the first output port of the next switch 

45 in response to the control voltage V, and the bias 
light is applied to the associated bistable device. 
Likewise, the absence of control voltage V t on 
readout switches 321 — 324 causes them to estab- 
lish cross-coupling between their input and out- 

so put ports and the presence of the control voltage 
causes them to pass the optical information at 
their first input port to pass to the second input 
port of the next readout switch. 
The write-in switches 221—224 are normally 

55 impressed with the control voltage to pass the 
bias light to the bistable devices 181—184 and 
apply the optical information on incoming wave- 
guide 15 through switches 224, 223, 222 and 221 
to the op n-end termination of the first output 

60 port of the switch 221. Likewise, the readout 
switches 331—334 are normally biased by the 
control voltage V, to pass the optical outputs of 
devices 181 — 184 to the open-end terminations of 
their second output p rts. 

65 This embodiment requires the optical infor- 
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mation bit to have a level in excess of Pt to write 
in a binary 1. 

The operation of the embodiment of Fig. 1 1 will 
best be understood with reference to Fig. 12. 
Normally, the control voltage V, is not applied to 
th write-in switches 221—224 to permit the bias 
light Pb to be injected to the bistable devices 
181—184. When a control voltage V, is applied to 
the write-in switch 221 for a period smaller than 
the pulse duration of the optical signal 25 on 
waveguide 15 in synchronism with the #1 time 
slot of the incoming signal to which the station A 
is assigned, the bias light is disconnected from 
the bistable device 181, while the optical infor- 
mation on waveguide 15 is instead admitted 
thereto. If the signal 25 is a binary 1, the optical 
input level of the bistable device 181 is raised to 
Pt, causing it to switch to a higher optical output 
level P,. The turn-off the control voltage allows 
the bias light to be reapplied to the biastable 
device 181, so that it maintains the high optical 
level output until a binary 0 occurs in the #1 
time slot of the third frame. 

The binary 0 is likewise written into the device 
181 by briefly applying the control voltage Vt to 
the switch 221 to reduce the optical input level to 
P 0 . The removal of the control voltage from switch 
221 after this brief period reapplies the bias light 
to the bistable device 181. However, the input 
level of device 181 is not sufficient to turn it to 
higher output level, so that its output remains at 
P 0 representing the binary 0. 

Likewise, the control voltage V t is sequentially 
applied to switches 222 to 224 to write the optical 
bits of the #2 to #4 time slots into the bistable 
devices 182 to 184, respectively. 

The optical binary 1 is read out of the device 181 
in response to a readout control voltage V 1 
applied to the switch 321 in synchronism with the 
#4 time slot of the outgoing signal to thereby 
establish a connection between stations A and D. 

The Fig. 11 embodiment can be modified as 
shown in Fig. 13. In Fig. 13, the incoming common 
waveguide 15 is coupled to the input of an optical 
coupler 400 having its outputs coupled by way of 
waveguides 401 — 404 to the second input ports of 
the optical switches 221—224, respectively, and 
the outgoing common waveguide 17 is coupled 
from the first output ports of switches 321—324 
by way of waveguides 411 — 414 and an optical 
coupler 420. The operation of the Fig. 13 embodi- 
ments is generally similar to that of the Fig. 11 
embodiment with the exception that, since the 
incoming waveguides 401—404 are individually 
associated with write-in switches 221 — 224 and 
likewise the outgoing waveguides 411 — 414 are 
individually associated with readout switches 
321 — 324, these switches can be exclusively con- 
trolled. 

The foregoing description shows only preferred 
embodiments of the present invention. Various 
modifications are apparent to those skilled in the 
art without departing from the scope of the 
present invention which is only limited by the 
appended claims. Therefore, the embodiments 
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shown and described are only illustrative, not 
restrictive. 

For example, in the first embodiment, the write- 
in switch 60 may be controlled so that the calling 
5 station signals are stored in the bistable devices 
in the time slots of the called stations, rather than 
in the sequential order as described, and the 
readout switch 100 is operated in a sequential 
manner. This alteration applies to the other 
10 embodiments. Furthermore, more than one 
binary digit may be assigned to each time slot by 
the use of more than one optical bistable device 
for each time slot. 

15 Claims 

1. An optical switching system having control 
means (20) for generating a switching instruction 
in response to a selection signal from a plurality 
20 of lines or trunks, means (10) for multiplexing 
signals from said lines or trunks onto different 
time slots and applying the multiplexed signals to 
a common incoming optical medium, a first 
optical switching means (60; 221—224) respon- 
25 sive to said switching instruction for selectively 
switching the multiplexed signals, a plurality of 
storage means (81 — 84; 181—184) for respec- 
tively storing the switched signals, and means 
(100) for combining the stored signals and 
30 applying the combined signals to a common 
outgoing optical medium, and means (11) for 
demultiplexing said multiplexed signalsfrom said 
common outgoing optical medium and applying 
the demultiplexed signals to said lines or trunks, 
35 characterized in that 

a) said storage means comprises a plurality of 
optical bistable devices (81—84; 181—184) 
having inputs respectively connected to the out- 
puts of said first switching means (60), each of 

40 said bistbale devices having a hysteretic relation- 
ship between an optical input supplied thereto 
from said first switching network (60) and an 
optical output delivered therefrom, each of said 
bistable devices being capable of assuming a 
45 high optical output state in response to the 
simultaneous presence of energy and an optical 
input supplied thereto and maintaining said high 
optical output state in the exclusive presence of 
said energy and capable of assuming a low 
50 optical output state in response to the simul- 
taneous absence of said energy and said optical 
input, 

b) means (DR2; 120—124, 131—134) are pro- 
vided for coupling said energy from an external 

55 source to said bistable devices in response to said 
switching instruction to cause said bistabl 
devices to assume said high optical output state 
to store said switched signals therein and 
decoupling said energy from said bistable devices 
60 in response to said switching instruction to cause 
said bistable devices to assume said low optical 
output state to erase said stored signals, and in 
that 

c) said combining means (100) forms a second 
65 optical switching means having a plurality of 
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optical switching devices (106—109) respectively 
connected to the outputs of said bistable devices, 
said optical switching devices (106—109) being 
responsive to said switching instruction for 
switching the outputs of said bistable devices 
(81—84; 181—184) onto said common outgoing 
optical medium. 

2. An optical switching system as claimed in 
claim 1, characterized in that the energy supplied 
from said external source to said optical bistable 
devices is electrical energy. 

3. An optical switching system as claimed in 
claim 2, characterized in that each of said optical 
bistable devices comprises a semiconductor laser 
diode, and in that said energy coupling means 
(DR2) injects an electric current to said laser diode 
in response to said switching instruction. 

4. An optical switching system as claimed in 
claim 1, characterized in that the energy supplied 
from said external source to said optical bistable 
devices is optical energy. 

5. An optical switching system as claimed in 
claim 4, characterized in that each of said optical 
bistable devices (181 — 184) comprises: 

a. pair of first and second optica! waveguides 
(186—187) provided on a substrate (185) in 
energy transfer relationship therebetween under 
the influence of an electric field, said waveguides 
being spaced far apart except at the location 
where the waveguides are in close proximity to 
each other to store energy therebetween, said 
first and second waveguides being provided with 
first and second electrodes (188, 189) respec- 
tively; and 

a feedback circuit (190—192) for applying an 
optical output of said first waveguide to said first 
electrode, the first optical waveguide being 
optically coupled with a respective one of the 
outputs of said switching means (60) and the 
output of a bias light source (120) at an input end 
thereof and coupled with said second optica! 
switching means (100) at an output end thereof. 

6. An optical switching system as claimed in 
claim 5, characterized in that said energy coupling 
means (120—124, 131 — 134) comprises optical 
switches (121—124) responsive to said switching 
instruction for coupling the output of said bias 
light source (120) to optical couplers (131—134) 
which respectively combine the outputs of said 
first switching means (60) with the outputs of said 
optical switches (121—124) and apply the com- 
bined optical outputs to said first waveguides, 
respectively. 

7. An optical switching system as claimed in 
claim 5, characterized in that said first switching 
means comprises a plurality of optical switches 
(221—224, Fig. 11) each having two input ports 
and two output ports, one of said input ports of 
each optical switch (221 — 224) being coupled to 
said light source (120) and one of said output 
ports of each optical switch being coupled to an 
associated one of said optical bistable devices 
(181—184), the multiplexed signals from said 
common incoming optical medium being coupled 
through the other input and output ports of said 



optical switches (221 — 224) to said bistable 
devices (181—184). 

8. An optical switching system as claimed in 
claim 5, characterized in that said first switching 

5 means comprises a plurality of optical switches 
(221—224, Fig. 13) each having two input ports 
and one output port, one of said input ports of 
each optical switch (221 — 224) being coupled to 
said light source (120) and said output port of 

10 each optical switch being coupled to an asso- 
ciated one of said optical bistable devices 
(181 — 184), the multiplexed signals from said 
. common incoming optical medium being coupled 
through the other input port and the output port 

15 of said optical switches (221—224) to said bistable 
devices (181—184). 

Patentanspruche 

20 1. Optisches Vermittlungssystem mit einer 
Steuereinrichtung (20) zum Erzeugen eines 
Schaltbefehls in Abhangigkeit von einem Aus- 
wahlsignal von mehreren Leitungen oder Verbin- 
dungsieitungen, Einrichtungen (10) zum Multi- 

25 plexen der Signale von den genannten Leitungen 
oder Verbindungsieitungen auf verschiedene 
Zeitschitze und Anlegen der multiplexten Signale 
an ein gemeinsames ankommendes optisches 
Medium, einer ersten auf den genannten Schalt- 

30 befehl ansprechenden Schalteinrichtung (60; 
221 — 224) zum selektiven Schalter der multiplex- 
ten Signale, mehrere -Speichereinrichtungen 
(81 — 84; 181 — 184) zum jeweiligen Speichern der 
geschalteten Signale, Einrichtungen (100) zum 

35 Kombinieren der gespeicherten Signale und Anle- 
gen der kombinierten Signale an ein gemeinsa- 
mes ausgehendes optisches Medium und Einrich- 
tungen (11) zum Demulti plexen der multiplexten 
Signale von dem gemeinsamen ausgehenden 

40 optischen Medium und Anlegen der demultiplex- 
ten Signale an die Leitungen oder Verbindungs- 
ieitungen, dadurch gekennzeichnet, daft 

a) die Speichereinrichtung mehrere optisch 
bistabile Einrichtungen (81—84; 181—184) auf- 

45 weist, deren Eingange jeweils mit den Ausgangen 
der ersten Schalteinrichtung (60) verbunden sind, 
wobei jede der bistabilen Einrichtungen eine 
Hysterese-Beziehung zwischen einer von dem 
ersten Schaltnetwerk (60) angelieferten optischen 

so Eingabe und einer von diesem abgegebenen opti- 
schen Ausgabe aufweist, wobei jede der bistabi- 
len Einrichtungen in der Lage ist, als Antwort auf 
das gleichzeitige Vorhandensein von Energie und 
einer angelieferten optischen Eingabe einen opti- 

55 schen Ausgangszustand "hoch" anzunehmen, 
und den optischen Ausganszustand "hoch" bei 
Anwesenheit der genannten Energie beizubehal- 
ten und in der Lage ist, als Antwort auf die 
gleichzeitige Abwesenheit der genannten Energie 

60 und der optischen Eingabe einen optischen Aus- 
gangszustand "niedrig" anzunehmen, 

b) Einrichtungen (DR2; 120—124, 131—134) 
vorgesehen sind zum Ankoppeln der genannten 
Energie von einer externen Quelle an die bistabi- 

65 len Einrichtungen in Abhangigkeit von dem 
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Schaltbefehl, so dafc die bistabilen Einrichtungen 
zum darin Speichern der geschalteten Signale 
einen optischen Ausgangszustand "hoch" anneh- 
men, und Auskoppeln der Energie von den bista- 
blilen Einrichtungen in Abhangigkeit von dem 
Schaltbef hi, so daB die bistabilen Einrichtungen 
den optischen Ausgangszustand "niedrig" 
annehmen und so die gespeicherten Signale Ids- 
chen, und daB 

c) die Kombiniereinrichtung (100) eine zweite 
optische Schaltvorrichtung beildet mit mehreren 
optischen Schalteinrichtungen (106 — 109), die 
jeweils mit den Ausgangen der bistabilen Einrich- 
tungen verbunden sind, wobei diese optischen 
Schalteinrichtungen (106—109) auf den Schaltbe- 
fehl zum Schalten der Ausgange der bistabilen 
Einrichtungen (81—84; 181—184) auf das 
gemeinsame ausgehende optische Medium 
ansprechen. 

2. Vorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, daB die von der externen Quelle 
an die optisch bistabilen Einrichtungen gelieferte 
Energie elektrische Energie ist. 

3. Vorrichtung nach Anspruch 2, dadurch 
gekennzeichnet, daB jede der optisch bistabilen 
Einrichtungen eine Halbleiter-Laserdiode auf- 
weist und daB die Einergie-Ankoppeleinrichtung 
(DR2) in Abhangigkeit von dem Schaltbefehl 
einen elektrischen Strom an die Laserdiode lie- 
fert. 

4. Vorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, daB die von der externen Quelle 
an die optisch bistabilen Einrichtungen gelieferte 
Energie optische Energie ist. 

5. Vorrichtung nach Anspruch 4, dadurch 
gekennzeichnet, daB jede der optisch bistabilen 
Einrichtungen (181—184) aufweist: 

ein Lichtwellenleiter-Paar mit mit einem ersten 
und zweiten auf einem Substrat (185) ange- 
ordneten Lichtwellenleiter (186, 187), die unter 
dem EinfluB eines elektrischen Felds untereinan- 
der einen Energieaustausch erlauben, wobei die 
Lichtwellenleiter bis auf die Stelle, wo die Licht- 
wellenleiter zum Speichern von Energie dazwi- 
schen dicht benachbart zueinander sind, weit 
voneinander entfernt sind, wobei der erste und 
der zweite Lichtwellenleiter mit einer ersten bzw. 
zweiten Elektrode (188, 189) ausgestattet ist, und 

eine Ruckfuhrschaltung (190—192) zum Anle- 
gen einer optischen Ausgabe des ersten Wellen- 
leiters an die erste Elektrode, wobei der erste 
Lichtwellenleiter mit einem zugehorigen der Aus- 
gange der Schalteinrichtungen (60) und des Aus- 
gangs einer Vorspann-Lichtqueile (120) an sei- 
nem Eingangsende verbunden ist und an seinem 
Ausgangsende mit der zweiten optischen Schalt- 
vorrichtung (100) verbunden ist. 

6. Vorrichtung nach Anspruch 5, dadurch 
gekennzeichnet, daB die Energieankopplungsein- 
richtung (120—124, 131—134) auf den Schaltbe- 
fehl ansprechende optische Schalter (121—124) 
aufweist zum Ankoppeln der Ausgabe der Vor- 
spann-Lichtqueile (120) an optische Koppler 
(131—134), die jeweils die Ausgabe der ersten 
Schaltvorrichtung (60) mit den Ausgaben der 



optischen Schalter (121—124) kombinieren und 
die kombinierten optischen Ausgaben an die 
jeweiligen ersten Wellenleiter anlegen. 
7. Vorrichtung nach Anspruch 5, dadurch 

5 gekennzeichnet, daB die erste Scahiteinrichtung 
mehrere optische Schalter (221—224), Figur 11) 
aufweist, die jeweils zwei Eingangsanschlusse 
und zwei Ausgangsanschlusse haben, wobei 
einer der Eingangsanschlusse jedes optischen 

10 Schaiters (221—224) mit der Lichtquelle (120) 
verbunden ist und einer der Ausgangsanschlusse 
jedes optischen Schaiters mit einer zugehorigen 
optisch bistabilen Einrichtung (181—184) verbun- 
den ist, und wobei die multiplexten Signale von 

15 dem gemeinsamen ankommenden optischen 
Medium durch den anderen Eingangs- und Aus- 
gangsanschluB der optischen Schalter (221 — 224) 
an die bistabilen Einrichtungen (181—184) ver- 
bunden. werden. 

20 8. Vorrichtung nach Anspruch 5, dadurch 
gekennzeichnet, daB die erste Schalteinrichtung 
mehrere optische Schalter (221—224, Figur 13) 
aufweist, die jeweils zwei Eingangsanschlusse 
und einen AusgangsanschluB haben, wobei einer 

25 der Eingangsanschlusse jedes optischen Schai- 
ters (221 — 224) mit der Lichtquelle (120) verbun- 
den ist und der AusgangsanschluB jedes opti- 
schen Schaiters mit einer zugehorigen optisch 
bistabilen Einrichtung (181 — 184) verbunden ist, 

30 wobei die multiplexten Signale von dem gemein- 
samen ankommenden optischen Medium uber 
den anderen EingangsanschluS und den Ausgan- 
sanschluB der optischen Schalter (221—224) an 
die bistabilen Einrichtungen (181—184) verbun- 

35 den werden. 

Revendications 

1. Syst&me de commutation optique ayant un 

40 moyen de commande (20) pour produire une 
instruction de commutation en reponse a un 
signal de selection en provenance d'une pluralite 
de lignes ou de lignes interurbaines, des moyens 
(10) pour multiplexer les signaux provenant de 

45 ces lignes ou lignes interurbaines sur diffdrents 
intervailes de temps et appiiquer les signaux 
multiplexes S un milieu optique commun d'arri- 
vee, un premier moyen de commutation optique 
(60); 221—224) sensible & ladite instruction de 

so commutation pour selectivement commuter les 
signaux multiplexes, une plurality de moyens de 
stockage (81—84); 181 — 184) pour stocker respec- 
tivement les signaux commutes, et des moynes 
(100) pour combiner les signaux stockes et appii- 

55 quer les signaux combines & un milieu optique 
commun de depart, et des moyens (11) pour 
demultiplexer lesdits signaux multiplexes prove- 
nant dudit milieu optique commun de depart et 
appiiquer les signaux demultiplexes auxdites 

60 lignes ou lignes interurbaines, caractenV en ce 
que: 

a) lesdits moyens de stockage comprennent 
une pluralite la dispostifs optiques bistables 
(81—84); 181—184) ayant des entrees respec- 
65 tivement connect6es aux sorties desdits premiers 



9 



17 



0 110 388 



18 



moyens de c mmutation (60), chacun desdits 
dispositifs bistables ayant une relation d'hysteri- 
sis entre une entree optique qui iui est appliquee 
en provenance dudit premier r6seau de commu- 
tation (60) et une sortie optique deiivree par celui- 
ci, chacun desdits dispositifs bistables etant 
capable de passer dans un etat de sortie optique 
de niveua haut en reponse d la presence simuita- 
n§e d'energie et d'une entree optique qui Iui est 
appliquee, et de conserver ledit etat de sortie 
optique de niveau haut en cas de presence exclu- 
sive de ladite energie, et capable de passer dans 
un etat de sortie optique de niveua bas en 
reponse 3 {'absence simultanee de ladite energie 
et de ladite entree optique, 

b) des moyens (DR2; 120—124, 131—134) sont 
prevus pour coupler ladite energie en provenance 
d'une source externe auxdits dispositfs bistables 
en reponse £ ladite instruction de commutation 
afin de faire passer lesdits dispositifs bistables 
dans ledit etat de sortie optique de niveau haut et 
de stocker lesdits signaux commutes dans celui- 
ci, et pour decoupler ledite energie en provenance 
desdits dispositifs bistables en reponse a ladite 
instruction de commutation afin de faire passer 
lesdits dispositifs bistables dans ledit etat de 
sortie optique de niveau bas, afin d'effacer lesdits 
signaux stockes, et en ce que, 

c) ledit moyen de combinaison (100) forme un 
second moyen de commutation optique ayant 
une pluralite de dispositifs de commutation opti- 
que (106 — 109) respectivement connectes aux 
sorties des dispositifs bistables, lesdits dispositifs 
de commutation (106—109) etant sensibles k 
ladite instruction de commutation pour commu- 
ter les sorties desdits dispositifs bistables 
(81—84; 181 — 184) sur ledit milieu optique com- 
mun de depart. 

2. Systeme de commutation optique selon la 
revendication 1, caracterise en ce que I'energie 
fournie par ladite source externe auxdits disposi- 
tifs optiques bistables est de I'energie etectrique. 

3. Systeme de commutation optique selon la 
revendication 2, caracterise en ce que chacun des 
dispositifs optiques bistables comprend une 
diode laser k semi-conducteur, et en ce que 
lesdits moyens de couplage d'energie (DR2) 
injectent un courant electrique dans ladite diode 
laser en reponse k ladite instruction de commuta- 
tion. 

4. Systeme de commutation optique selon la 
revendication 1, caracterise en ce que I'energie 
fournie par la source externe auxdits dispositifs 
optiques bistables est une energie optique. 

5. Syst&me de commutation optique selon la 
revendication 4, caract6rise en ce que chacun 
desdits dispositifs optiques bistables (181—184) 
comprend: 

une paire constitute par un premier et un 
second guide d'ondes (186, 187) disposes sur un 
substrat (185) de fa?on a ce qu'un transfert 
d'energie puisse s'etablir entre ceux-ci sous In- 
fluence d'un champ Electrique, lesdits guides 



d'ondes etant espaces I'un de I'autre excepte a 
I'endroit oCi les guides d'ondes sont proches I'un 
de I'autre pour stocker de I'energie entre eux, 
lesdits premier et second guides d'ondes etant 

5 respectivement munis de premiere guides 
d'ondes etant respectivement munis de premiere 
et seconde electrodes (188, 189); et 

un circuit de retroaction (190 — 192) pour appli- 
quer une sortie optique dudit premier guide 

io d'ondes a ladite premiere electrode, le premier 
guide d'ondes optiques etant optiquement coupl ' 
k une sortie respective parmi les sorties desdits 
moyens de commutation (60) et avec la sortie 
d'une source lumineuse de polarisation (120) k 

15 une extremite d'entree de celle-ci et etant couple 
avec lesdits seconds moyens de commutation 
optique (100) a une extremite de sortie de ceux-ci. 

6. Systeme de commutation optique selon la 
revendication 5, caracterise en ce que lesdits 

20 moyens de couplage d'energie (120—124); 
131 — 134) comprennent des commutateurs opti- 
ques (121 — 124) sensibles k ladite instruction de 
commutation pour coupler la sortie de ladite 
source lumineuse de polarisation (120) k des 

25 coupleurs optiques (131—134) qui combinent 
respectivement les sorties desdits premiers 
moyens de commutation (60) aux sorties desdits 
commutateurs pptiques (121 — 124) et appliquent 
les sorties optiques combin£es auxdits premiers 

30 guides d'ondes, respectivement. 

7. Systeme de commutation optique selon ia 
revendication 5, caracterise en ce ledit premier 
moyen de commutation comprend une pluralite 
de commutateurs optiques (221—224, Figure 11) 

35 ayant chacun deux ports d'entree et deux ports de 
sortie, I'un desdits ports d'entree de chaque 
commutateur optique (221 — 224) etant couple a 
ladite source de Iumi6re (120) et I'un desdits ports 
de sortie de chaque commutateur optique etant 

40 couple k un dispositif optique bistable associe 
parmi lesdits dispositifs (181 — 184), les signaux 
multiplexes provenant dudit milieu optique com- 
mun d'arrivee etant couples par I'intermediaire 
des autres ports d'entree et de sortie desdits 

45 commutateurs optiques (221 — 224) auxdits dispo- 
sitifs bistables (181—184). 

8. Systeme de commutation optique selon la 
revendication 5, caracterise en ce que ledit pre- 
mier moyen de commutation comprend une plu- 

50 ralite de commutateurs optiques (221 — 224, 
Figure 13) ayant chacun deux ports d'entree et un 
port de sortie, I'un desdits ports d'entree de 
chaque commutateur optique (221—224) etant 
couple k ladite source de lumi£re (120) et ledit 

55 port de sortie de chaque commutateur optique 
etant couple a un dispositif optique bistable asso- 
cie parmi lesdits dispositifs (181—184), les 
signaux multiplexes provenant dudit milieu opti- 
que commun d'arrivee etant coupl6s par I'inter- 

60 mediaire de I'autre port d'entree et de I'autre port 
de sortie desdits commutateurs optiques 
(221—224) auxdits dispositifs bistables 
(181—184). 
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